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by reacting an aqueous ferrous salt solution with an alkali hydroxide to form ferrous hydroxide and subsequently heating 
it under a stream of an oxygen-containing gas, characterized in that a water-soluble phosphorus compound, a water- 
soluble aluminum compound and a water-soluble silicon compound are added in amounts of 0.1 - 5.0 wt%, 0.1 - 5.0 
wt% and 0 - 5.0 wt% as P, Al and Si, respectively on the basis of Fe to either said alkali hydroxide or aqueous ferrous 

5 salt solution or the ferrous hydroxide formed by reacting said two compounds. 

[0013] The magnetite particles of the invention which contain P and Al and optionally Si have such low residual 
magnetic flux density that they can be easily dispersed in binder resins. In addition, the particles are hexahedral, 
octahedral or tetrad ecahedral in shape and have high enough abrasive effect on a photoreceptor to form a satisfactory 
latent image. Hence, the magnetic particles of the invention are advantageous for use as materials for the production 

10 of magnetic toners and resin-dispersed carriers. 

[0014] The expression o/SSA is used to characterize the magnetite particles of the invention since the residual 
magnetic flux density o r which increases with the specific surface area SSA is preferably compensated by SSA. The 
magnetite particles of the invention have o/SSA value of no more than 0.9, preferably in the range of 0.5 - 0.9. The 
residual magnetic flux density o r is expressed in emu/g and SSA in m 2 /g. 

15 [0015] As already mentioned, it is known that either spherical, hexahedral or octahedral magnetite particles are 
produced depending on the conditions of their synthesis, particles are produced depending on the conditions of their 
synthesis, particularly the alkall/Fe ratio employed during the reaction for synthesis. It has been found that not only 
hexahedral and octahedral magnetite particles but also tetrad ecahedra can be obtained by adding P and Al and op- 
tionally Si prior to the start of reaction for the synthesis. The tetradecahedral magnetite particles may be regarded as 

20 modified hexahedral or octahedral particles in which their apices have become blunt to a planar form. 

[0016] In a particularly preferred embodiment of the invention, the P and Al and optionally Siare incorporated before 
magnetite crystals form. If P and Al and optionally Si are incorporated after the formation of magnetite particles, the 
intended magnetite particles, i.e., those which have desired magnetic characteristics for use as magnetic toners, for 
example, low residual magnetic flux density but not so low as to sacrifice the saturation magnetic flux density and 

25 which are hexahedral, octahedral or tetradecahedral in shape, are difficult to produce. 

[0017] An important point of the invention is the incorporation of at least P and Al. If P is the sole additive, spherical 
particles may occasionally form. If Al is the sole additive, goethite particles will also occur during the formation of 
magnetite particles. 

[0018] In the invention, Si may also be incorporated in order to further reduce the residual magnetic flux density. 

30 [0019] The reason why the magnetite particles of the invention should have certain magnetic characteristics, such 
as low magnetic flux density but not so low as to sacrifice the saturation magnetic flux density, while assuming a 
hexahedral, octahedral or tetradecahedral form is not completely clear. To the best of the knowledge of the present 
inventors, P and Al, and optionally added Si would retard the agglomeration of magnetite particles during their growth 
while causing a certain effect on the growth of magnetite crystal grains such as the inhibition of the growth of a certain 

35 crystal face. 

[0020] Preferred conditions for the practice of the invention will now be described. The aqueous ferrous salt solution 
to be used in the invention may be one of ferrous sulfate, ferrous chloride, ferrous nitrate, etc. The alkali hydroxide to 
be used in the invention may be selected from among hydroxides of alkali metals and alkaline earth metals such as 
sodium hydroxide, potassium hydroxide and calcium hydroxide, as well as ammonium hydroxide and ammonia gas. 
40 [0021] The alkali hydroxide is preferably used in 0.95 - 1 .5 equivalents per Fe 2+ in the aqueous ferrous salt solution. 
Below 0.9 equivalents, the desired low residual magnetic flux density is attained but, on the other hand, spherical 
magnetite particles may form and the intended hexahedral, octahdedral or tetradecahedral particles are not easily 
obtainable. Above 1.5 equivalents, the intended magnetite particles are obtained but not by an industrially feasible 
method. 

45 [0022] The reaction temperature for oxidizing ferrous hydroxide is preferably in the range of 60 - 1 00°C. Below 60°C, 
the saturation magnetic flux density will decrease. Above 1 00°C, the intended magnetite particles are obtained but not 
by an industrially feasible method. 

[0023] Examples of the water-soluble phosphorus compound to be used in the invention include phosphates such 
as sodium hexametaphosphate and ammonium primary phosphate, as well as salts of phosphoric acid and phospho- 
50 rous acid. The water-soluble phosphorus compound is added in 0.1 - 5.0 wt%, preferably 0.1 - 2.0 wt% ( as P with 
respect to Fe. Below 0.1 wt% P magnetite particles having the desired magnetic characteristics such as low residual 
magnetic flux density but not so low as to sacrifice the saturation magnetic flux density and which are hexahedral, 
octahedral or tetradecahedral in shape may not be produced. 

Above 5.0 wt%, the filtrability of the magnetite particles deteriorates to an industrially unfeasible low level. 
55 [0024] The water-soluble phosphorus compound may be added into the alkali hydroxide, the ferrous salt or the 
ferrous hydroxide which results upon neutralization reaction of the two compounds. It should however be noted that 
the water-soluble phosphorus compound should be added before magnetite starts to crystalize. 
[0025] Examples of the water-soluble aluminum compound to be used in the invention include aluminum sulfate, 
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sa;BJoua;ap sapi^Bd a;;;au6BUj aq;^o A;i|!qBj;jj; aq; pus dopAap |||M Adoj;ox|q; '%^w o'9 aAoqv aj o;padsaj q;iM \s sb 
o z - 0 A|qBja;ajd '%vv\ 0'9 - 0 ui pappB s\ punodujoo uoonjs a|qnps-ja;BM aqx o;a 'a;Boi|is ujnjssB;od 'ajBOjns 
ujnjpos 'ssb|6 ja;BM apnpui uo|;uaAU! aq; uj pasn aq o; punodujoo uooj|js aiqnps-jajBM aq; ;o sajdujBX3 [ZZOO] 01 

azi|B;sAjo o; sub;s a;i;eu6Biu ajopq pappB aq ;ssa| ;b pinoqs punodujoo uunujUjn|B aiqnps 
-J3;bm aq; ;sq; pa;ou aq 'jaAaMoq 'pinoqs ;i spunodujoo om; aq; ;o uoipBaj uo!;Bzi|Bj;nau uodn s;psaj qojqM apjxojpAq 
snojja; aq; jo ;|bs snojja; aq; 'apixojpAq j|e>f |B aq; o;uj pappB aq Ablu punoduuoo ujnuiujnjB a|qnps-ja;BM aqj. [9200] 

ujjo; Abuj ajjq;ao6 sb qons sassqd a;i;au6BUJ 
-uou 'ajoiu sj ;BqM 'pus pAa| mo| a|qpBa;un A||Bu;snpu! ub o; sa;BJOua;ap sapjUBd a;!;au66uj aq; ;o A;j|!qBj;i!^ aq; s 

o'9 aAoqv paonpojd aq ;ou Abuj adsqs ui jBjpaqBoapBjp; jo |BjpaqB;oo l |BjpaqBxaq ajB qojqM puB A;jsuap xny 
oi;auBBUJ uo|;BjniBS aq; aoj;uoBs 0; sb moi os ;ou ;nq Ajisuap xn|j ojpuBBUi iBnppaj moj sb qons soj;suapBJBqo 0!;3u6buj 
pajjsap aq; aABq qojqM sap^Bd 0|;au6BUj iv %vv\ 10 Mopg aj 0; padsaj q;iM iv sb %va o z - z o A|qBja;ajd '%vw o s 
- l o ui pappB sj punodaioo ujnuiujnjB a|qn|os-ja;BM aqi a;BU!Ujn|B tunipos pus a;ej;iu LunujujnjB 'apuoiqo ujnuiujnjB 
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as the kind of water-soluble Si compound, and the amount and timing of its addition were changed as shown in Table 
1. The thus prepared magnetite particles had the characteristics shown in Table 2. Each of the magnetite particles 
. prepared in Examples 2 - 8 was solely composed of a magnetite phase and they were either hexahedral, octahedral 
ortetradecahedral in shape, having low o/SSA values in the range of 0.57- 0.86. 

5 

Comparative Example 1 

[0037] A comparative sample of magnetite particles was prepared by repeating the procedure of Example 1 , except 
that neither sodium hexametaphosphate nor sodium aluminate nor sodium silicate were added. The magnetite particles 
10 thus obtained were hexahedral in shape but they had a highera/SSA value (1 .06) than the magnetite particles prepared 
in Example 1 . 

Comparative Example 2 

15 [0038] An additional comparative sample of magnetite particles was prepared by repeating the procedure of Example 
4, except that neither sodium hexametaphosphate nor sodium aluminate nor sodium silicate were added. The magnetite 
particles thus obtained were octahedral in shape but they had a higher a/SSA value (1.67) than the magnetite particles 
prepared in Example 4. 

20 Comparative Examples 3 - 7 

[0039] Additional comparative samples of magnetite particles were prepared by repeating the procedure of Example 
1 , except that the amounts of addition of the water-soluble P, Al and Si compounds were respectively changed as 
shown in Table 1 . The thus prepared magnetite particles had the characteristics shown in Table 2. 
25 [0040] The magnetite particles prepared in Comparative Example 3 had a low a/SSA value of 0.68 but they were 
spherical in shape. The magnetite particles prepared in Comparative Examples 4 and 6 had goethite forned in addition 
to magnetite. The magnetite particles prepared in Comparative Example 5 were spherical in shape and had a high a/ 
SSA value of 0.99. The magnetite particles prepared in Comparative Example 7 were octahedral in shape but they 
had a high a/SSA value of 1 .23. 

30 

Comparative Example 8 

[0041] To the magnetite particles prepared in Comparative Example 1 , 1 .49 g of sodium hexametaphosphate (cor- 
responding to 0.25 wt% as P with respect to Fe), 6.77 mL of a sodium aluminate solution (159.5 g/L) (corresponding 
35 to 0.60 wt% as Al with respect to Fe) and 1 .40 mL of a sodium silicate solution (1 93.3 g/L) (corresponding to 0.15 wt% 
as Si with respect to Fe) and the mixture was washed with water, filtered, dried and comminuted by customary proce- 
dures. Upon fluorescence X-ray analysis, the comminuted magnetite particles were found to contain P, Al and Si in 
respective amounts of 0.22 wt%, 0.48wt% and 0.14 wt% of Fe; however they had a high o/SSA value of 1 .04. 

40 
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Claims 

1. Magnetite particles comprising 0.1 - 5.0 wt% P, 0.1 - 5.0 wt% Al on the basis of Fe and which have a o/SSA ratio 
of no more than 0.9 after the application of an external magnetic field of 1 kOe, with o r denoting residual magnetic 
flux density and SSA specific surface area. 

2. Magnetite particles according to Claim 1 additionally comprising up to 5.0 wt% Si on the basis of Fe. 

3. The magnetite particles of Claim 1 or 2 which are hexahedral, octahedral or tetradecahedral in shape. 

4. The magnetite particles of any one of Claims 1 - 3, wherein said o/SSA ratio is 0.5 - 0.9. 



5. A process for producing magnetite particles by reacting an aqueous ferrous salt solution with an alkali hydroxide 
to form ferrous hydroxide and subsequently heating it under a stream of an oxygen-containing gas, wherein a 

15 water-soluble phosphorus compound and a water-soluble aluminium compound are added in amounts of 0.1 - 5.0 

wt% and 0.1 - 5.0 wt% as P and Al, respectively, on the basis of Fe to either said alkali hydroxide or aqueous 
ferrous salt solution or the ferrous hydroxide formed by reacting said two compounds. 

6. A process according to Claim 5 for producing magnetite particles by wherein up to 5.0 wt% on the basis of Fe 
20 water-soluble silicon compound is additionally added to either said alkali hydroxide or aqueous ferrous salt solution 

or the ferrous hydroxide formed by reacting said two compounds. 

7. The process of Claim 5 or 6, wherein the amount of the alkali hydroxide relative to said ferrous salt is 0.95 - 1 .5 
equivalents with respect to Fe 2+ in said aqueous ferrous salt solution. 



8. An electrophotographic magnetic toner comprising the magnetite particles of any one of Claims 1 - 4. 

9. A resin-dispersed carrier comprising the magnetite particles of any one of Claims 1 - 4. 

Pate ntan sprue he 



1. Magnetitteilchen, umfassend 0,1 bis 5,0 Gew.% P, 0,1 bis 5,0 Gew.% Al, in bezug auf Fe, die ein c/SSA-Verhaltnis 
von nicht mehr als 0,9 nach der Anwendung eines externen magnetischen Feldes von 1 kOe aufweisen, wobei o> 

35 die magnetische Restflussdichte und SSA die spezifische Oberflache bezeichnen. 

2. Magnetitteilchen gemass Anspruch 1 , zusatzlich umfassend bis zu 5,0 Gew.% Si in bezug auf Fe. 

3. Magnetitteilchen gemass Anspruch 1 Oder 2, die in ihrer Form hexaedrisch , oktaedrisch odertetradekaedrisch sind. 

4. Magnetitteilchen gemass einem der Anspruche 1 bis 3, wobei das o/SSA-Verhaltnis 0,5 bis 0,9 betragt. 



5. Verfahren zur Herstellung von Magnetitteilchen durch Umsetzen einer wassrigen Eisensalzlosung mit einem Al- 
kalihydroxid, wobei Eisenhydroxid gebildet wird, und anschliessendem Erhitzen unter einem Strom eines sauer- 
45 stoffhaltigen Gases, wobei eine wasserlosliche Phosphorverbindung und eine wasserlosliche Aluminiumverbin- 

dung in Mengen von Jewells 0,1 bis 5,0 Gew.% und 0,1 bis 5,0 Gew.% als P und Al in bezug auf Fe zu entweder 
dem Alkalihydroxid Oder der wassrigen Eisensalzlosung oder dem Eisenhydroxid, das durch die Umsetzung der 
zwei Verbindungen gebildet wird, hinzugefugt werden. 

so 6. Verfahren gemass Anspruch 5 zur Herstellung von Magnetitteilchen, wobei bis zu 5,0 Gew.% in bezug auf Fe einer 
wasserloslichen Siliciumverbindung zusatzlich zu entweder dem Alkalihydroxid oder der wassrigen Eisensalzlo- 
sung Oder dem Eisenhydroxid, das durch Umsetzung der zwei Verbindungen gebildet wird, hinzugefugt wird. 

7. Verfahren gemass Anspruch 5 oder 6 ; wobei die Menge des Alkalihydroxids relativ zu dem Eisensalz 0,95 bis 1 .5 
55 Aquivalente in bezug auf Fe 2+ in der wassrigen Eisensalzlosung betragt. 

8. Elektrofotografischer magnetischer Toner, umfassend die Magnetitteilchen gemass einem der Anspruche 1 bis 4. 
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